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Executive Summary 
The carbon emissions play an essential role in climate change in the world. A sustainable city with 
low carbon emissions can create a livable environment and mitigate climate changes, which 
improves residents’ living quality. Salt Lake City, UT, is trying to approach the goal of reducing 
carbon emissions by 80% by 2040 under the 2009 emissions level.  
To analyze the climate actions, this report investigates the carbon emissions in the city and 
analyzed the influences of potential high-level strategies to reduce carbon emission. The previous 
carbon emissions data (2009-2019) demonstrates a slight 3% carbon reduction. Based on the 
emissions trends, this report analyzes the emission of business-as-usual by regression models and 
obtains a slight reduction in the short term but an unchangeable potential trend in long term. It 
means the city demands more effective strategies to reduce carbon emissions to achieve the 80% 
reduction by 2040. Hence this report investigates strategies in terms of three domains, 
transportation, green infrastructure, and solar canopy. Transportation section includes public 
transit and electrified transportation, and the report demonstrates the gap of public transit system 
and services and the 15% electric vehicles influences by 2030. Green infrastructure section focuses 
on urban forests and obtains the demand of the tradeoff between carbon reduction benefits and 
maintenance costs. Solar canopy section analyzes the benefits of carbon reduction by constructing 
solar parking canopy on parking lots. 
Transportation 
Public transit still exists gaps in services and accessibility, which needs further 
improvements. Additionally, public transit has potential opportunities to 
collaborate with other strategies, such as solar canopy, EV transit.  
Electrified transportation can effectively reduce carbon emissions. 10% EV 
fraction by 2030 can maintain the emissions without increasing than 2019 
emissions, while 15% EV fraction can reduce roughly 38,000 metric tons (5%) 
carbon emissions than 2019 emissions. 
In a 15% EV fraction scenario, the city can expect to achieve a carbon 
emissions peak in 2022 and continuous reduction since then.  
Urban Forest 
The urban forest in Salt Lake City can sequester and store carbon emissions. 
However, the irrigation fee elevates the maintenance cost, which needs a 
tradeoff between carbon reduction effect and cost. 
Canopy coverage rate is relatively low in downtown and industrial areas, low-
income communities, and districts with high Hispanic population fraction. 
Solar Canopy 
Solar canopy in a parking lot can be an effective strategy that utilizes the 
advantage of adequate sunshine to generate sustainable solar energy for 30 
years continuously. 
The electricity generated by a solar canopy in parking lots can attract electric 
vehicle charging and promote electrified transportation. 
Table 1: strategies summary 
Eventually, combining the strategies analyzed in this report, the city can achieve additional 33% 
carbon reduction by 2040. The plans include planting 1,000 new trees every year, constructing 
23-acre solar canopy by 2030 and 46-acre by 2040, and promoting 15% EV fraction by 2030 and 
50% by 2040. 
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2030 2040 
Strategy Carbon Reduction 
(Metric Tons) 
Strategy Carbon Reduction 
(Metric Tons) 
15% EV fraction 135,100 50% EV fraction 505,059 
Urban forest 2,375 Urban forest 2,625 
23-acre solar canopy 42,980 46-acre solar canopy 85,960 
 
Figure 1: Carbon reduction contributed by analyzed strategies. 
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1. Introduction 
Climate change has been a concerning topic in recent years. Cities worldwide cooperate and make 
their climate action plans to mitigate the climate problems and promote city resilience to tackle 
climate change issues, such as global warming and severe storms. Salt Lake City is experiencing 
and concerned with potential climate problems caused by increasing carbon emissions. Apart from 
carbon climate change, polluted air degrades the air quality in Salt Lake City, especially in winter, 
which motivates the city to pursue a livable environment in the future by reducing carbon and 
pollution emissions. This report highlights potential options to reduce carbon emissions, which 
play a vital role in mitigating climate issues among climate action plans. Carbon reduction 
represents reducing carbon dioxide equivalent emissions, i.e., greenhouse gas emissions.   
Salt Lake City, Utah, has experienced rapid growth in its urban scale, population, and economy. 
The department of sustainability in Salt Lake City decided to use 2009 as the baseline year based 
on the then-current administration's goals. It sets high-level climate action strategies to fulfill 
climate positive by 2040. Climate Positive means protecting the public health and safety of its 
residents. It includes having access to clean air, clean water, and a livable environment. The city 
set targets that by 2020, 50% of municipal electricity can become renewable, and by 2030, 
community electricity can achieve 100% renewable. Finally, by 2040, the city can achieve an 80% 
reduction in carbon emissions.  
This report analyzes the periodical process of carbon reduction, exploring the previous emissions 
trends, and predicting future emissions. Based on the emissions projection and the currents 
programs, this report provides multiple recommendations regarding transportation and residential 
sectors by analyzing the potential influences.  
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2. Background 
Salt Lake City, the capital city of Utah, is a part of the Intermountain Region, surrounded by 
mountains and the Great Salt Lake. With the rapid growth in population and economy in the past 
decade, controlling carbon emissions and providing a livable environment has become an essential 
task. Therefore, the city prepared the document Climate Positive 2040, highlighting sustainability 
programs and the department's long-term goals to tackle climate issues and generate a livable 
environment. 
1) Geography  
The satellite map demonstrates the geography of the city. Surrounded by mountains and the Great 
Salt Lake, the city lies on a high-altitude land, with ample sunshine and accessible forests on 
mountains. The natural resources in this area constitute a livable and sustainable living 
environment and ecosystem. Nevertheless, the growth of city scale, elevating the carbon emission 
and air pollution, has deteriorated the climate through transportation, residential, nonresidential 
activities. To create livable and sustainable living conditions, the city enacted a climate action plan 
and associated strategies to reduce carbon emissions. 
 
Figure 2: Satellite Map of Salt Lake City 
2) Climate Positive 20401 
Climate Positive 2040, developed by Salt Lake City Corporation Department of Sustainability 
(SLCgreen), aims to reduce pollution, save energy resources, and reduce carbon emission in Salt 
Lake City, Utah. Salt Lake City supports the positive climate objectives with a series of detailed, 
 
1 “Climate Positive 2040”, SLCgreen, accessed May 01, 2021, https://www.slc.gov/sustainability/climate-positive/  
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prescriptive action plans to protect residents' public health and safety, including ensuring access 
to clean air, clean water, and a livable environment. This plan highlights both long-term and near-
term climate and energy goals with cooperation among city government, business, and households. 
The city set a baseline year as 2009 and aims to achieve 50% renewable municipal electricity by 
2020, 100% renewable energy for community electricity by 2030, and an 80% reduction in 
greenhouse gas emission by 2040. 
This plan provides high-level strategies to mitigate carbon emissions in renewable energy, clean 
transportation, highly efficient buildings, air quality, sustainable food, and zero waste community. 
It appeals to the local government, agencies, associations, and residents to collaborate to create a 
positive climate environment by 2040. 
3) Population Growth 
Salt Lake City and the metropolitan area have experienced a boom in population growth since 
2009. Data from the census bureau indicates a 7.6% population increase from 2010 to 2019, i.e., 
the city's population increased by 14,134 in the past decade (figure).  Additionally, the number of 
people in Salt Lake City, Utah Metropolitan Statistical Area (MSA) has significantly increased, 
including two neighboring counties, Salt Lake and Tooele. Data from the US Census Bureau shows 
a roughly 9.1% population increase by 103,403 from 2009 to 2019 (figure 4). 
 
Figure 3: Salt Lake City Political Boundary 
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Figure 4: Population Growth in Salt Lake City 
The population increase impacts the city’s carbon emissions and the climate action plan. The urban 
carbon emissions relate to human activities, including transportation, industrial and commercial 
business, and energy utilization. Under current policy conditions, the population increase will 
generate a grander activity scale, leading to higher carbon emissions if there is no intervention to 
tackle carbon emissions. 
4) Economic Growth 
In the past decade, the economy has grown dramatically in Salt Lake City and MSA. Davidson 
reported that Utah ranked No.2 nationally for gross domestic product (GDP) quarterly growth in 
2019. St. Louis Fed Research revealed the growth in GDP per capita for MSA from 2009 to 2017, 
which grows from $ 56,391 to $ 61,809. The data from 2018 are not currently available, but the 
Open Data Network predicts the growth at a $633 increment each year (figure 5). The rapid 
economic growth reflects industrial and commercial business growth, which creates denser 
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Figure 5: Economic Growth in Salt Lake City2  
5) Previous Carbon Emission 
Overall, total carbon emissions in Salt Lake City decreased slightly from 2009 to 2019. The 
collected data demonstrate a 3% reduction in 2019 compared with the baseline emissions. 
Generally, emissions from transportation continuously increased by 12% from 2009 to 2019, 
which covers roughly 18% of total carbon emissions. The other sectors, residential, nonresidential, 
and others, changed with a slight increase or decrease. Additionally, the carbon emission values 
calculate the net emission, which controls for the growth of population and economy. This explains 
why carbon emissions stay at a high level, even if the city has implemented various strategies. 
 
Figure 6: Previous carbon emissions 2009-2019 
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3. Methodology 
a. Data collection 
Starting from 2009, the department of sustainability in Salt Lake City began reporting on annual 
carbon emissions. The community greenhouse gas assessment uses Local Government Operation 
Protocol by local government operations inventories. The department set a baseline year as 2009, 
aiming to decline 80% carbon reduction by 2040. 
Different authorities and companies provide primary data. Rocky Mountain Power and Dominion 
Energy are monopoly utility providers for electricity and natural gas within Salt Lake City. They 
have provided electricity and natural gas utilization for different sectors since 2009. Then, the city 
can collect carbon emissions by calculating the fraction of renewable energy coverage. As for 
transportation, the Wasatch Front Regional Council provides transportation emission data by 
conducting road surveys and traffic records. Therefore, the raw data provided to the city separate 
into sectors of electricity, natural gas, and transportation. The electricity contains activities from 
residential, commercial, industrial, irrigation, public authority, and public streets, where the public 
authority involves electricity for municipal utilization, such as municipal buildings, public libraries, 
and facilities run by the municipality. Natural gas contains activities from residential and 
nonresidential. In addition, transportation includes gasoline and diesel emissions. This report will 
analyze the emissions data by sectors, including residential, nonresidential, transportation, and 
others. The nonresidential sector contains both industrial and commercial emissions. The ‘other 
sectors’ category includes emissions from irrigation, public authority, and public streets.  
b. Emissions projection 
This report sets a forecast year as 2030 and 2040, which relates to the short-term and long-term 
goals of the Climate Positive Plan. The climate action plan in Salt Lake City sets a near-term goal 
by 2030 to achieve 100% renewable energy in the community and a long-term goal by 2040 to 
achieve 80% carbon reduction. 
Unlike the simple linear forecast, this analysis utilizes R to generate a regression model for each 
sector based on the previous emissions data from 2009 to 2019. The regression models simulate 
the relationship between carbon emissions and economy (Gross Domestic Product per capita) and 
population size. Abdullah and Pauzi investigated methods utilized in modeling emission projection 
globally and regionally and the factors that influence emissions through previous studies3. They 
revealed that computer-simulated models, including linear regression and multiple linear 
regression, are popularly used in carbon emissions projection. Additionally, various sectors' energy 
consumption contributes to carbon emissions, positively related to the economy (GDP). 
Acheampong proved a negative impact of global economic growth on carbon emissions and a 
positive impact of carbon reduction upon economic growth globally4. Dong et al. contribute to the 
economic impact upon carbon emissions and found that the key impact factors for carbon 
 
3 Abdullah, Lazim, and Herrini Mohd Pauzi. "Methods in forecasting carbon dioxide emissions: a decade 
review." Jurnal Teknologi 75, no. 1 (2015). 
4 Acheampong, Alex O. "Economic growth, CO2 emissions and energy consumption: what causes what and 
where?." Energy Economics 74 (2018): 677-692. 
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emissions involve economic growth and population scale, which varies remarkably in different 
regions5. Then, based on the future economy's projection in Salt Lake City, the projection for 
emissions can fit with the economy in the future years. Compared with a simple linear forecast, 
projection with regression models considering the effects of the economy and population growth 
can explain the future trends more accurately. 
c. Strategies 
This section includes the methodology of proposed strategies analysis and recommendations 
regarding transportation, green infrastructures, and solar canopy. Each subsection analyzes the 
potential impacts of strategies and the existing gaps in corresponding plans. Additionally, each 
strategy includes a case study to investigate and predict the influences and hence provides feasible 
recommendations to policymakers and planners. 
Generally, this report utilizes both qualitative and quantitative analysis to investigate the influence 
on carbon reduction and existing policies (table 2). As for public transit includes a qualitative 
analysis of the existing public transit line and brings a case study of accessibility. As for electrified 
transportation utilizes quantitative analysis on the various carbon reduction influences of different 
electric vehicle fractions in the city by 2030. As per previous research, the analysis of green 
infrastructure focuses on the urban forest, estimating its numerical carbon reduction and raising 
the recommendation of the tradeoff between benefits and cost. Finally, referencing the concept of 
solar parking canopy, this report brings a case study of redevelopment in parking lots in the city 
and investigates the carbon reduction contributed by solar canopies. 
Strategy group Methodology 
Transportation 
Public Transit Qualitative analysis on plans; a case study for transit lines. 
Electrified 
Transportation 
Quantitative analysis on carbon reduction impacts of 
different electric vehicle fractions. 
Green 
Infrastructure Urban Forest 
Qualitative analysis based on previous research; i-tree 
canopy analysis. 
Solar Canopy Solar Canopy Cases in other cities; a case study of a parking lot. 
Table 2: Methodology summary 
 
 
5 Dong, Kangyin, Xiucheng Dong, and Cong Dong. "Determinants of the global and regional CO2 emissions: what 
causes what and where?." Applied Economics 51, no. 46 (2019): 5031-5044. 
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4. Emissions Projections 
In this report, the carbon emissions are projected with regression models. Emissions for each 
section generate their model based on the previous emissions and economic data. Assumptions are 
stated to ensure the limitation and accuracy of the projection. The result of emissions projections 
demonstrates the business-as-usual scenario that emissions will decline in the short term but tend 
to stay stable in the long run. The emissions from residential and other sectors can gradually 
decline to a low value, the nonresidential emissions will reduce slightly, and transportation 
emissions will keep increasing steadily regardless of efficiency and electric vehicle increments. 
Therefore, the city demands more intensive and effective strategies to mitigate emissions. 
 
Figure 7. residential emission projection 
a. Residential 
The previous residential emissions data showcases a trend of increase in 2009-2011 and decrease 
since 2011. I used a polynomial regression model to explain the relationship between emission and 
GDP per capita (figure 5). The projection result for residential emissions shows a polynomial 
relationship between emissions and the economy. The residential emissions, when GDP per capita 
exceeds roughly $60,000, start declining with decelerating speed. It represents that if the city can 
implement strategies with the same intensity as in previous years, the residential emissions can 
decrease as the economy grows. 
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b. Nonresidential 
The previous nonresidential emissions data shows a slight decrement trend expect in 2013 and 
2014. The projection decides to use a simple linear model and ignore those two values in 2013 and 
2014. The figure demonstrates the projection for nonresidential carbon emissions as GDP per 
capita. The projection shows that if the city keeps conducting strategies with the same intensity as 
in previous years, the nonresidential emissions can keep declining but slowly. 
c. Transportation 
The data for transportation emissions shows a continuous increment except in 2010. Generally, 
transportation emissions increase with the growth of population and economy. More people 
commute to work by vehicles, which contributes a great fraction of emissions from burning 
gasoline. The transit master plan in Salt Lake City mentions a 28% growth of public transit 
boarding outside Salt Lake City from 2011 to 2014, which caused a sudden 1.45% emission 
reduction in transportation carbon emissions in 2011 (Appendix 5). However, the overall emission 
trend for transportation emissions keeps increasing.  
As per the relationship between transportation emissions and GDP per capita, a simple linear 
regression model can explain it. The figure demonstrates a continuous increment in transportation 
carbon emissions with the growth of the economy. Transportation emissions are associated with 
economic growth, i.e., the growth of the economy will contribute to more frequent commuting and 
traveling. In Salt Lake City, since residents tend to use individual vehicles for traveling, the growth 
of the economy will cause a growth of carbon emissions from transportation. Therefore, if the city 
uses the same strategies intensity as in previous years, it will not mitigate the transportation 
emissions in the future, which requires more effective strategies. 
d. Other 
Note that the decline in carbon emissions is possibly caused by utility meter shifting and renewing, 
which means the carbon emissions in this sector might be counted to nonresidential or residential 
sectors. Therefore, the previous emissions data shows a great reduction in this sector. Given the 
dramatic reduction and small fraction in total emissions, the projection does not use a regression 
model to simulate. Instead, the projection assumes a 20% reduction from 2020 to 2025, and the 
emission will drop to zero after 2025.  
e. Total emissions 
Combining the projections generated in previous sections, the total emissions projection can be 
generated (figure 8). First, the projections for different sectors connect carbon emissions with GDP 
per capita, and the city assumes to experience economic growth of $633 increment per capita. 
Then, by corresponding the two data sets, the total emissions projection can be generated. 
The result demonstrates that for business as usual, the carbon emissions will decline after 2019 
with increasing transportation and nonresidential emissions and decreasing residential emissions. 
The projection shows a great decrease in residential emissions, meaning effective strategies in 
residential emissions, such as solar roofs and renewable energy utility. Therefore, the city demands 
more effective strategies, especially for nonresidential and transportation emissions, to achieve an 
80% reduction by 2040.  
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Transportation accounts for a great fraction of carbon emissions projected to increase by 2040 
continuously. Dependence on the automobile as a primary transportation mode deteriorates carbon 
reduction, which will burden climate sustainability in Salt Lake City. In addition to carbon 
emissions, transportation generates air pollution, from ozone in summer to particulate matter 
pollution in winter, by emitting polluted air, including Particulate Matter (PM), Volatile Organic 
Compounds (VOCs), Nitrogen oxides (NOx), Carbon monoxide (CO), Sulfur dioxide (SO2), and 
greenhouse gas6. Therefore, effective and workable strategies are expected. The principles of the 
transportation master plan, summarized by the Transportation Advisory Board (2000), indicate 
that the city will encourage a multi-modal transportation system, addressing regional and land use 
issues. The impact of various transportation modes on the environment, funding mechanisms, and 
transportation education are emphasized as well.  
As per Climate Positive 2040, the key methods of reducing carbon pollution associated with 
transportation include: 1) increasing use of public transit; 2) promoting active transportation; 3) 
accelerating electric vehicle adoption; 4) reducing emissions from air travel. These strategies aim 
to enhance livability in the city by promoting multiple modes of transportation, which will decline 
carbon emissions related to climate issues. Instead of highly depending on individual automotive, 
multiple modes provide more transportation choices, such as public transit, active transportation, 
which are more sustainable than fossil-fueled automotive. Additionally, the Salt Lake City 
Transportation Division develops and implements strategies in Master Plans, studies, and other 
guiding design documents. The adopted and proposed plans are tabulated as follows. 
Public transit 
Public transit offers sustainable accessibility, which replaces part of automobile use. Two notable 
programs are highlighted in public transit promotion. Firstly, Hive Pass, a discounted transit 
program for city residents, stimulates public transit use. This program promotes affordability and 
accessibility to disadvantaged groups. Secondly, Transit Master Plan, adopted in 2017, aims to 
improve the transit system in Salt Lake City, which stimulates a complete and accessible transit 
system with a comfortable riding experience and services.   
The Transit Master plan summarizes gaps in the existing transit system, including two domains: 
management and infrastructure. As for management, the service is limited, and the cost is 
unaffordable for some. Some traffic lines operate limitedly outside of the standard commute period, 
and the service information and cost are limited to provide convenient and affordable service. As 
for infrastructure, stop amenities and their accessibility challenge transit usage. Therefore, these 
composite factors decline people's enthusiasm for taking public transit than individual vehicles. 
Transit boarding outside of the city outpaces which boarding inside the city, indicating more transit 
use for commuting purpose than others. In brief, the existing public transit needs improvements 
 
6 “Cars, Trucks, Buses and Air Pollution”, Union of Concerned Scientists, Last modified July 19, 2018, 
https://www.ucsusa.org/resources/cars-trucks-buses-and-air-pollution  
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on its services to provide convenient information and affordable cost, and its infrastructure to 
elevate passengers’ accessibility.  
Although public transit cannot replace the frequent automobile use in Salt Lake City, it can fill the 
gap of automobiles and attract potential passengers by improving its service and accessibility. As 
per previous research, the US Department of Transportation concludes the four benefits of public 
transit 7 . First, compared with the individual automobile, public transit can transport more 
passengers with less carbon emission and less air pollution. Second, public transit has a lower 
crash rate and less crash severity than automotive travel. Additionally, public transit can indirectly 
improve health by walking or bicycling to access bus stops. Finally, the cost of public transit is 
often lower than the cost associated with other modes of transportation.  
 
Figure 9: Public transit accessibility in SLC 
To fill the gap, public transit should target the marginal groups who have less access to transit. 
Figure 9 indicates the potential gap of transit in Salt Lake City in the case study (Appendix 12). 
The lack of public transit in light manufacturing zones shrinks people’s accessibility to 
employment. For residents in manufacturing districts, they have less access to grocery stores unless 
by automobiles. If transit can be improved, they will have another option to take transit instead of 
automobiles. Additionally, the bike share can tackle the last-first mile issue when people approach 
 
7 “Expand Public Transportation Systems and Offer Incentives”, US Department of Transportation, accessed May 
01, 021, https://www.transportation.gov/mission/health/Expand-Public-Transportation-Systems-and-Offer-
Incentives  
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bus stops, which needs further investigation to analyze the scale of shared bikes. Hence filling the 
gaps of transit service and bike share can attract a more marginal population to take transit and 
attract residents preferring to use public transit rather than driving themselves or carpooling. 
Finally, public transit requires a transformation from internal combustion to electric vehicles. The 
change collaborates with the promotion of electric vehicles in the city. 
 
Electrified transportation 
Vehicles rely on energy to transport passengers from one place to another. Generally, the energy 
source in vehicles contains fossil fuel and electricity. Fossil fuel includes gasoline and diesel as 
vehicle energy, and electricity can provide power to vehicles themselves (electric vehicles) or 
collaborate with gasoline (plug-in hybrid vehicles).  
With the technology and infrastructure improvement, EVs will share more and more fraction in-
vehicle market in the future, influencing the carbon emission from transportation. Although fossil-
fueled vehicles have dominated the market since the invention of vehicles, electric vehicles (EV) 
have grown rapidly in recent years. As for December 2019, close to 1.5 million EVs were driven 
in the US as per the Edison Electric Institute8. The institute projected 18.7 million EVs on the road 
by 2030, and EVs sales were projected to surpass 3.5 million annually by 2030. The current 
technology and infrastructures promote transportation applications that utilize electricity as a fuel.  
 
Figure 10: Increasing EV percentage of total car sale in Utah9 
 
8 “Electric Transportation”, Edison Electric Institute, accessed May 01, 2021, 
https://www.eei.org/issuesandpolicy/electrictransportation/Pages/default.aspx  
9 “The State of my State’s EVs”, Larsen, Mark D., accessed May 01, 2021, 
https://www.casteyanqui.com/ev/utah_sales/  
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Electrified transportation has benefited through the lens of both environment and economy. Firstly, 
electrified transportation declines the usage of fossil-fueled vehicles, which can reduce local air 
pollution by up to 99% as per Southwest Energy Efficiency Project and Utah Clean Energy (2017). 
Although electric cars still rely on electricity which is not wholly derived from renewable 
resources in Salt Lake City, they are still cleaner than gas-powered cars, emitting much less carbon, 
1/3 (Appendix 13). Additionally, the Community Renewable Energy Act (HB 411) aims to achieve 
net-100% renewable electricity by 2030 to coordinate local government agencies and Rocky 
Mountain Power, which can further reduce electric vehicles’ carbon emissions from electricity 
generation. Secondly, Southwest Energy Efficiency Project and Utah Clean Energy (2017) 
summarize the economic benefits for Utah. As for individual and economy-wide fuel-saving, 
electrified transportation avoids half of the money, over $3 billion annually, leaving the state's 
economy, which is spent on importing fuel. Greater local spending, then, promotes local 
employment opportunities, such as local services and infrastructure constructions. Lower fuel costs 
will benefit vehicle owners, providing more intensive mobility and activities. Besides, EV 
purchases bring federal tax credit benefits. 2,500 plug-in electric vehicles in the state will receive 
roughly $18 million due to the federal tax credit and additional funds from their contributions to 
sales tax revenues. 
Salt Lake City is following the national trend of growing electric vehicles. Utah Department of 
Transportation (UDOT)10 reported that 2 percent of the 2.6 million registered vehicles were plug-
in electric or hybrid-electric in 2019, and the city will keep stimulating the EV use. Climate 
Positive 2040 promotes swift electric vehicle adoption throughout the region. The city passed an 
Electrified Transportation Joint Resolution involving goals of electrified transportation in terms of 
municipal fleet, transit, smart mobility, and personal vehicle.  
Internal fleet Electrified municipal fleet goals strive to purchase EVs for the internal fleet while considering the total cost. 
Public Transit Electrified transit goals encourage Utah Transit Authority (UTA) to implement a sustained transition to EVs. 
Smart services 
Electrified smart mobility goals provide equitable and accessible smart 
services, such as rideshare, car share, and other sustainable transportation 
options. 
Personal vehicles 
Electrified personal vehicle goals encourage the use and purchase of EVs 
by residents and support developing EV charging infrastructures, and other 
programs, projects, and policies. 
Table 3: Electrified transportation resolution summary 
The high-level resolution highlighted the goals of promoting EV growth in various domains. EV 
fraction, overall, can influence carbon emission differently, so analysis on how different fractions 
of EV can offer recommendations to the policymakers, residents, and related producers.  
An ideal scenario is 100 percent EVs in the future, which will reduce most carbon emissions in 
transportation interventions. However, this is too ideal to fulfill in the short term. The 
 
10 “Transportation Interim Committee” Newell, Teri, June 19, 2019, 
https://le.utah.gov/interim/2019/pdf/00003153.pdf 
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transformation from fossil-fueled vehicles to EVs requires market-oriented changes and 
improvements in technology and infrastructure, which policymakers and planners strive to achieve. 
As for the short-term future, 2030, this report analyzes different EV fractions and highlights the 
15% EV fraction as a workable goal (figure 11). The analysis assumes electric vehicle excludes 
hybrid vehicles to simplify analysis, and electric vehicles are utilized in various ways involving 
public transit, authority fleet, and individual cars. The result illustrates three key points (table 4), 
including a 5% carbon reduction compared with the 2019 emissions level.  
 
Figure 11: Carbon reduction by different EV fractions 
Key analysis result: 
Transportation 
Emission 2019 
Emission in 2030 
(10% EV fraction) 
Emission 
Change (10%) 
Emission in 2030 
(15% EV fraction) 
Emission 
Change (15%) 
804,280 810,660 0.8% 765,627 -5% 
Key takeaways: 
1. Roughly 10% EV fraction by 2030 can maintain the transportation emission without 
increasing. 
2. Compared with transportation emission in 2019, emission for 15% EV fraction by 2030 
can reduce emission by 5%. 
3. If 15% EV fraction and renewable energy transform gradually, the transportation 
emission will peak in 2022 and keep reducing since then. 
Table 4: Key analysis results of electrified transportation 
Given the analysis results and key takeaways, we can obtain an effective carbon reduction through 
a 15% EV fraction by 2030. Additionally, if the city strictly stimulates electrified transportation to 
15%, we can foresee and expect the transportation emission peak in 2022, after when the emission 
will keep reducing. Furthermore, with the total renewable electricity transformation by 2030, the 
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assume a 50% EV fraction in 2040, the emission will reduce by roughly half that emission in a 
business-as-usual scenario, which is 505,058 metric tons of carbon emission. 
To prepare for the future electrified transportation, it is essential to cultivate the market 
environment for electrified transportation, such as infrastructures, clean energy, and supportive 
policies. As for infrastructures, electrified transportation demands discrete public charging stations 
to supply sufficient electricity charging and promote electric vehicle purchase. Barter et al.  
obtained access to charging stations as the challenges of battery electric vehicles and electric 
vehicle miles traveled.11. Hence the core question transfers to site and size public charging stations 
that can provide sufficient charging infrastructures. It requires further analysis and projects to 
optimize the siting and sizing of charging stations. Furthermore, the development of the charging 
infrastructure can correspond to electric transit. For instance, Ai et al. highlighted the combination 
of EV and public transit systems in the park-charge-ride (PCR) system12. The case study of 
Chicago expects to reduce 87% of personal vehicle miles traveled for EV PCR commuters and 
reduce 52% of carbon emissions. Therefore, to well-prepare for the electrified transportation, the 
city demands further investigations and projects to develop charging stations, considering a 
scalable combination with potential developing scenarios.  
 
Figure 12: Existing EV charging stations13 
 
11 Barter, Garrett E., Michael A. Tamor, Dawn K. Manley, and Todd H. West. “Implications of Modeling Range and 
Infrastructure Barriers to Adoption of Battery Electric Vehicles.” Transportation Research Record 2502, no. 1 
(January 2015): 80–88. https://doi.org/10.3141/2502-10.  
12 Ai, Ning, Junjun Zheng, and Xiaochen Chen. "Electric vehicle park-charge-ride programs: A planning framework 
and case study in Chicago." Transportation Research Part D: Transport and Environment 59 (2018): 433-450. 
13 “Electric Vehicle Charging Station Locations”, US Department of Energy, accessed May 01, 2021, 
https://afdc.energy.gov/fuels/electricity_locations.html#/find/nearest?fuel=ELEC  
22 | P a g e  
 
b. Green Infrastructures 
Green infrastructures, defined by Section 502 of the Clean Water Action, are measures that utilize 
plants or soil systems, permeable pavement to manage stormwater harvest and reuse, or 
landscaping to store or infiltrate stormwater, and reduce flows to sewers or to surface waters14. 
Within urban areas, green infrastructures, such as preserved nature, prairies, and parks, elevate the 
sustainability of the region, creating a livable environment for residents, and provide ecosystem 
services, involving carbon emission mitigation, flood protection, and resource productions as 
well15. The natural environment stores and sequestrates emitted carbon and mitigates pollution, 
which relieves climate change issues. In this way, it offers economic benefits for residents, which 
reduces energy waste and the cost of carbon to global society. The natural environment benefits 
are not limited above, which broadly influences the ecosystem where species and humans live, 
sustaining the urban areas. A case study of Lancaster demonstrates a lower cost of green and gray 
infrastructure system project than gray infrastructure only project while promoting more effective 
stormwater management16. Therefore, to reduce carbon emission and create a livable environment, 
green infrastructures offer both environmental and economic benefits for the city and residents. 
This section investigates urban forests in the city and their influences on carbon emission and 
potential concerns. 
Urban Forest 
Urban forest, as a form of green infrastructure, is a forest, or a collection of trees, that grow within 
a city, town, or suburb. It creates and maintains the ecosystem within urban areas, which brings 
about both advantages and disadvantages for a city. Appendix summarizes the pros and cons of 
urban forests through the lens of climate mitigation, air pollution, micro-climate, and social 
benefits.  
The urban forest is an approach to reduce carbon emissions by storing and sequestrating carbon in 
the air, yet there are tradeoffs between carbon reduction and irrigation. Multiple studies 
demonstrate an effective carbon reduction due to urban forest. Ning et al. estimated 96 tons of air 
pollution and 88,700 tons of carbon storage because of the urban forest in Scotlandville, 
Louisiana17. Yet different species types have various influences on carbon reduction (De la Sota 
et al., 2019) and water uses (Pataki et al., 2011). The irrigation requires additional maintenance 
costs, which increases the economic burden. McCarthy et al. calculated the carbon sequestration 
per unit water loss and concluded the most efficient trees were Eucalyptus Grandis, Brachychiton 
populneus, Populneus discolor, and Ficus microcarpa.18 As for Salt Lake City, it shows lower 
 
14 “Clean Water Act Section 502: General Definitions”, EPA, accessed May 01, 2021, https://www.epa.gov/cwa-
404/clean-water-act-section-502-general-definitions  
15 The University of Cambridge. March 8, 2021. Economic benefits of protecting nature now outweigh those of 
exploiting it, global data reveal. PHYS.ORG. https://phys.org/news/2021-03-economic-benefits-nature-outweigh-
exploiting.html  
16 EPA. 2014. The Economic Benefits of Green Infrastructure - A Case Study of Lancaster, PA. 800-R-14-007. 
17 Ning, Zhu Hua, Robert Chambers, and Kamran Abdollahi. "Modeling air pollutant removal, carbon storage, and 
CO2 sequestration potential of urban forests in Scotlandville, Louisiana, USA." iForest-Biogeosciences and Forestry 
9, no. 6 (2016): 860. 
18 McCarthy, Heather R., Diane E. Pataki, and G. Darrel Jenerette. "Plant water‐use efficiency as a metric of urban 
ecosystem services." Ecological Applications 21, no. 8 (2011): 3115-3127. 
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average rainfall (20 inches per year) than the national average (38 inches per year). Therefore, 
although urban forest stores and sequestrates carbon emission, the maintenance cost of the urban 
forest in the city will be high because of the low precipitation. 
Therefore, a specific investigation on the magnitude and distribution of urban forest can offer 
policy suggestions and balance the fiscal cost and carbon reduction effects. This report conducted 
an analysis in Salt Lake City on the urban forest magnitude and distribution by the i-tree canopy 
(Appendix), providing high-level recommendations to policymakers. The analysis indicates that 
urban forests in the city with 1,000 new plantings per year can contribute to 2,125 metric tons of 
carbon reduction in 2019 and 2,625 metric tons in 2040, but the contribution is little compared 
with the total carbon emission (less than 0.1%). Therefore, it is not effective to use the urban forest 
as a direct tool to reduce carbon emissions, which demands further analysis on the tradeoff between 
irrigation and maintenance cost and carbon reduction benefits. Nevertheless, given the benefits of 
climate mitigation, pollution movement, cooling effects, and social benefits, the city can consider 
it in scalable domains. 
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c. Solar canopy 
Solar energy is a sustainable and accessible source for electricity generation. The benefits of solar 
energy can be concluded in terms of environment and economy. Solar energy generates electricity 
from the sun without creating additional carbon emissions, which can sustain the environment and 
minimize climate change and pollution-related health problems. Installing a solar power system 
generally reduces carbon emissions by three to four tons annually for a two-person household19. 
Additionally, solar energy minimizes individual energy costs against rising energy costs. The 
future fiscal benefits pay off the initial installation fees. At a high level, solar energy promotes 
employment opportunities, stimulating economic growth for the state and nation. The 
transformation from the traditional coal plant to solar energy boosts new employments in 
renewable energy, which can help smooth the transition as the fossil fuel market is reduced and 
transformed.  
Generally, the solar canopy can be used through various methods, including solar carport, rooftop 
solar, and ground-mount solar. A solar carport, such as a solar parking canopy, is an overhead 
structure covering parking lots or vacant ground, optimizing land usage and providing cover to the 
ground. Corresponding with solar roof promotion, solar canopies leverage and redevelop parking 
lots. Like typical ground mount solar-like solar farms, solar canopy installed angled solar panels 
to generate electricity while it is taller than ground mount solar. The generated electricity can be 
directly used for electric vehicle charging in the parking lots, which promotes EV charging 
infrastructures and stimulates EV miles traveled to reduce carbon emission from transportation. 
There are several existing solar canopy projects in the US, which continuously generating 
electricity. For instance, Abbot labs solar campus, located in Alameda, California, was promoted 
by Franklin Realty and Blue Oak Energy 20To building this solar carport system. The system 
contains a 548-kW net-metered distributed generation carport solar photovoltaic system, which 
can generate approximately 877 GWh per year and serve as daytime shade and cooling areas for 
vehicles. The system will generate continuous clean solar energy for the next 25 years. 
Additionally, The USVA McClellan project increases energy saving through installing solar 
rooftop and solar carport system in Sacramento, CA21. The system adds an acre of carport solar 
panels for a total of three acres of solar arrays, with an expected output of 558 kW. The newly 
constructed solar carport can generate proximately 832,000 kWh annually, and the rooftop solar 
system can generate roughly 60,800 kWh. These cases show benefits in continuous high-level 
electricity generation for years and the shading provided by the solar carport. 
 
19 “Renewable solar energy protects the environment”, Last modified July 15, 2020, 
https://www.energysage.com/solar/why-go-solar/protect-the-environment/  
20 “Abbot Labs Solar Campus”, Blue Oak Energy, accessed May 01, 2021, https://www.blueoakenergy.com/solar-
portfolio/abbot-labs-solar-campus  
21 “USVA - Sacramento”, Blue Oak Energy, accessed May 01, 2021, https://www.blueoakenergy.com/solar-
portfolio/usva-sacramento-solar-case-study  
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Figure 13: USVA McClellan project 
 
Figure 14: Abbot Labs Solar Campus 
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Salt Lake City matches the requirements for developing solar canopies. The high-altitude areas 
provide adequate sunshine in the city. On average, there are 222 sunny days in the city (205 days 
nationally)22.Uncovered vacant parking lots, especially downtown, provide sites for solar canopies. 
Hence, installing solar canopies in parking lots can bring benefits for carbon reduction. 
The case study in the Appendix 20. investigates the benefits and costs of constructing a 50,000 
square feet solar (1.15 acres) parking canopy in a downtown parking lot, which assumes having 
similar sunny days as the entire city. The result demonstrates that the solar canopy can generate 
up to 1.148 GWh of electricity annually, which can be used for EV charging (supporting 3,826,700 
miles EV traveled) and buildings. The solar canopy, therefore, can promote EV purchase and EV 
charging stations construction. Additionally, the generated electricity brings fiscal benefits for real 
estate owners and parking lot owners by reducing electricity costs in buildings and offering private 
charging stations. The construction cost will be paid back in five to eight years, meaning the 
electricity generated by solar declines electricity cost by utility providers, and pays off construction 
costs. The solar canopy can work for up to 30 years with maintenance every second year. What is 
more, the solar canopy in the scenario can reduce up to 2,149 metric tons of carbon emissions, 
involving 604 metric tons of carbon from electricity generation and 1,545 metric tons of carbon 
from EV attraction. Therefore, if there are 20 same-scale solar parking canopies like the one in the 
case study in 2030, it will reduce up to 42,980 metric tons of carbon emissions annually and attract 
roughly 76.5 million electric vehicle miles traveled. 
However, the solar parking canopy challenge is the high initial cost ($695,800 to $994,000 each 
1.15-acre solar canopy). Therefore, the construction of 20 1.15-acre solar canopies will cost 
roughly $20 million initially. The cost of reducing per metric ton carbon emissions is roughly 
$15.5 for 23 acres of solar canopies (table 6). Additionally, the additional maintenance costs will 
elevate the total cost, which requires corresponding financial programs such as tax credits. 
Solar Canopy Summary 
Amount 71 (10kW solar systems) 
Cost $695,800 to $994,000 ($9,800 to $14,000 each system) 
System life Up to 30 years 
Electricity Generation Up to 1.148 GWh annually or up to 3,195 kWh daily 
Carbon Reduction 604 metric tons carbon (electricity generation) 
1,545 metric tons carbon (EV attraction) 
Payback Period 5 to 8 years 
Benefit 1. Electricity cost  
2. EV charging attraction 
3. 3,826,700 miles EV traveled 
Table 5: Solar canopy benefits and cost summary 
Amount 23 acres solar canopies 
Initial cost $20 million 
 
22 “Climate in Salt Lake City, Utah” accessed May 13, 2021, 
https://www.bestplaces.net/climate/city/utah/salt_lake_city  
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Service life 30 years 
Annual carbon reduction 42,980 metric tons 
Cost per carbon emissions (MT) $20 million / (30year*42,980 MT/year) = $15.5 / metric ton  
Table 6: Solar canopy strategy summary 
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6. Discussion and Conclusion 
This report analyzes the climate actions in Salt Lake City to reduce carbon emissions and achieve 
the 80% carbon reduction goal under the 2009 emissions level by 2040. Based on the previous 
carbon emission (2009-2019) and regression models, the emission projection of the business-as-
usual scenario shows a slight decline in the short term but low opportunity to achieve a continuous 
decline in the long term and an 80% carbon reduction goal by 2040. Hence this project raises 
recommendations on policies based on the analysis of transportation, green infrastructures, and 
solar canopy. Table 7 summarizes the findings of this project based on strategies analysis.  
Transportation 
Public transit still exists gaps in services and accessibility, which needs further 
improvements. Additionally, public transit has potential opportunities to 
collaborate with other strategies, such as solar canopy, EV transit.  
Electrified transportation can effectively reduce carbon emissions. 10% EV 
fraction by 2030 can maintain the emission without increasing than 2019 
emission, while 15% EV fraction can reduce roughly 38,000 metric tons (5%) 
carbon emission than 2019 emission. 
In a 15% EV fraction scenario, the city can expect to achieve a carbon emission 
peak in 2022 and continuous reduction since then.  
Urban Forest 
The urban forest in Salt Lake City can sequester and store carbon emissions. 
However, the irrigation fee elevates the maintenance cost, which needs a 
tradeoff between carbon reduction effect and cost. 
Canopy coverage rate is relatively low in downtown and industrial areas, low-
income communities, and districts with high Hispanic population fraction. 
Solar Canopy 
Solar canopy in a parking lot can be an effective strategy that utilizes the 
advantage of adequate sunshine to generate sustainable solar energy for 30 
years continuously. 
The electricity generated by a solar canopy in parking lots can attract electric 
vehicle charging and promote electrified transportation. 
Table 7: Strategies Summary  
Based on the strategies in this project, a carbon emission wedge is figured to demonstrate the 
carbon reduction results based on the recommended strategies. First, this wedge assumes EV 
fraction will achieve 15% by 2030 and 50% by 2040. Second, it assumes the city will plant 1,000 
trees every year. Finally, it assumes 20 solar parking canopies by 2030 and 40 by 2040 in the city. 
The result shows that carbon emission in 2040 will reduce to 3 million metric tons, which reduces 
by 33% carbon emission than 2009 level (figure 15). 
2030 2040 
Strategy Carbon Reduction 
(Metric Tons) 
Strategy Carbon Reduction 
(Metric Tons) 
15% EV fraction 135,100 50% EV fraction 505,059 
Urban forest 2,375 Urban forest 2,625 
23-acre solar canopy 42,980 46-acre solar canopy 85,960 
Table 8: strategies summary 
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Figure 15: Carbon emission wedge 
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Appendix 
1. Previous Emissions Analysis 
Previous carbon emissions elaborate the results of multiple carbon reduction plans and programs 
in Salt Lake City. The total carbon emissions demonstrate a stable emission level with increasing 
population and economy during 2009-2019. Nonetheless, divided carbon emissions in terms of 
different sectors narrative a more detailed story. 
a. Residential Emissions 
The city collects residential carbon emissions in terms of natural gas and electricity consumption. 
Overall, the emissions in 2019 did not change greatly, compared with 2009 emissions, though 
carbon emissions during 2009-2019 changed dynamically year to year. The emissions in 2009-
2013 increased gradually with high increasing rates except in 2012. Then, the emission decreased 
gradually since 2013. As per the plot chart based on the previous emission, the trend experienced 
an increment in 2009-2011 and a decrement since 2013.  
 
Appendix 1: Residential carbon emission 
Note that residential carbon emission experienced a significant change in 2013, which is caused 
by colder winter. The chilling winter in January 2013 witnessed more than 10 degrees colder than 
the usual average temperature at 18.5 degrees 23 . The low temperature elevated natural gas 
utilization, generating more carbon emissions than the other years and incrementing emission 
changes (Appendix 2). 
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Appendix 2: Residential carbon emission change 
b. Nonresidential Emissions 
Nonresidential carbon emissions include natural gas consumption and electricity utilization for 
commercial and industrial businesses. Generally, the carbon emissions in the nonresidential 
section stayed relatively stable in 2009-2019 with a slight decrement except for 2013 and 2014. 
The plot chart demonstrates a slightly decreasing trend in carbon emission, but the emissions in 
2013 suddenly increased by 7.71%.  
 
Appendix 3: Nonresidential carbon emission 
The carbon emission change in Appendix 4 indicates a great increment (7.7%) in 2012-2013. 
Similar to residential emission in 2013, the colder winter than the usual resulted in more natural 
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Appendix 4: Nonresidential carbon emission change 
c. Transportation Emission 
Transportation carbon emissions represent the consumption of diesel and gasoline within Salt Lake 
City. Wasatch Front Regional Council collected the data by conducting traffic records and site 
surveys. Generally, the emissions from transportation increased gradually with a stable growth 
rate, 1.44%, except in 2011. The consumption of diesel stayed relatively stable, while the 
increasing consumption of gasoline contributed to carbon emission increment. In 2011, the city 
promoted public transit to a broad connection between Salt Lake City and the surrounding city 
(Salt Lake City Transit Master Plan). “Total transit ridership on all lines that touch Salt Lake City 
increased by 28% between 2011 and 2014”. Therefore, some people changed to use public transit 
to commute, which results in a great reduction in 2011, while the population growth still elevated 
consumption after 2011. 
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Appendix 6: Transportation carbon emission change 
d. Total Emission 
The total emission changes from 2009 to 2019 in terms of different sectors are tabulated in 
appendix 7. Overall, the carbon emission slightly decreased by 3% in 2009-2019. Among these 
sectors, nonresidential emission reduces by 5%, and other emission greatly decreases by 93%, 
which might be caused by shifting its emission to the other sectors. Additionally, the residential 
and transportation emissions have increased slightly, 8% and 12%, respectively.  























Transportation Carbon Emission Change
Emission by Sectors (mT CO2e) 
Sector 2009 2019 Net-Change Percentage 
Residential 688,248 741,022 52,773 108% 
Non-Residential 3,034,825 2,886,015 -148,810 95% 
Transportation 722,773 809,632 86,859 112% 
Other 161,573 11,136 -150,437 7% 
Total 4,607,420 4,447,805 -159,615 97% 
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3. Emissions projection 
The projection for the carbon emissions in Salt Lake City comprises two steps. First, based on the 
previous emissions trends, predicted emissions for each section could be generated with either 
simple linear regression or polynomial regression models (Appendix 8). The criteria for judging 
depend on the p-value and r-square value. If the p-value shows less than .05, it means the model 
is statistically significant, indicating strong evidence against the null hypothesis. The null 
hypothesis represents no relationship between the two phenomena. Therefore, if p<.05, then the 
hypothesis, the model, can give evidence to the phenomena with a high chance of correction (>.95). 
Additionally, the r-square value represents how accurately the model can explain the data. The 
higher the r-square value indicates, the more accurate the model is. Therefore, in this step, I select 
the models with a p-value lower than .05 and a higher r-square value. Second, the total carbon 
emissions combine all the projected emissions and correspond to the projected emissions with 
GDP per capita for each year. In this way, the total carbon emissions and emissions for different 
sectors can be projected based on the relationship between emissions and economic growth. 
 
Appendix 8: Regression model for each emissions sector 
a. Residential 
Based on the trend, this projection selected a polynomial regression model to explain the 
relationship between emissions and GDP per capita. The model is demonstrated in the Appendix, 
of which the r-square value is .58, and the p-value is .03. The basic function for this regression 
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model is defined as 𝑦𝑦 = 𝛽𝛽1𝑥𝑥 + 𝛽𝛽2𝑥𝑥2 + 𝛽𝛽3 , where y represents the residential emissions, x 
represents GDP per capita, and β represents coefficients. To avoid negative values and improve 
accuracy, the model uses a log function in a calculation. Since the p-value is less than .05, which 
rejects the null hypothesis, and the r-square value is great enough, the projection is made based on 
this polynomial regression model. 
b. Nonresidential 
The previous nonresidential emissions data shows a slight decrement trend expect in 2013 and 
2014. The weather record indicates cold winters in 2013 and 2014, resulting in higher utilization 
for natural gas than in normal years, explaining why the carbon emissions from nonresidential 
natural gas consumption increased in 2013 and 2014. When using polynomial regression, I cannot 
generate a reasonable model. If I ignore values in 2013 and 2014, the p-value exceeds the threshold, 
0.05; if I include them, the projection will not be feasible because of the slight increase in the last 
few years. Based on the comparison among different models, the projection decides to use a simple 
linear model and ignore those two values in 2013 and 2014. In this way, the model gets a p-value 
of .044, less than .05, and an r-square value of .46. Plus, the function of the regression model is 
defined as 𝑦𝑦 = 𝛽𝛽 + 𝛽𝛽1𝑥𝑥, where y represents nonresidential emissions, x represents GDP per capita, 
and β represents coefficients. The range of GDP per capita keeps consistent with the other 
projections ($56,391-$80,000). The model uses a log function as well to improve the accuracy. 
The p-value can reject the null hypothesis and provide a reasonable projection for nonresidential 
carbon emissions. 
c. Transportation 
The data for transportation emissions shows a continuous increment except in 2010. Generally, 
transportation emissions increase with the growth of population and economy. More people 
commute to work by vehicles, which contributes a great fraction of emissions from burning 
gasoline. The transit master plan in Salt Lake City mentions a 28% growth of public transit 
boarding outside Salt Lake City from 2011 to 2014, which caused a sudden 1.45% reduction in 
transportation carbon emission in 2011. However, the overall emission trend for transportation 
emissions keep increasing.  
As per the relationship between transportation emissions and GDP per capita, a simple linear 
regression model can explain it. The function of the regression model is defined as 𝑦𝑦 = 𝛽𝛽 + 𝛽𝛽1𝑥𝑥, 
where y represents nonresidential emissions, x represents GDP per capita, and β represents 
coefficients. The range of GDP per capita keeps consistent with the other projections ($56,391-
$80,000). The p-value for this model is 5.3e-6, greatly less than .05, and the r-squared value is .91, 
which greatly fits with the real values. Based on the regression model, the carbon emissions from 
transportation can be predicted. 
d. Other 
The data for other carbon emissions shows a dramatic reduction in carbon emission from other 
sections. The public authority declined to zero since 2017. The irrigation emission reduced greatly 
as well, but it only covers a small fraction. The remaining emission is mostly covered by public 
street and highway lighting with a reducing trend. Note that the decline in carbon emission is 
possibly caused by utility meter shifting and renewing, which means the carbon emission in this 
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sector might be counted to nonresidential or residential sectors. Given the dramatic reduction and 
small fraction in total emissions, the projection does not use a regression model to simulate. And 
instead, the projection assumes a 20% reduction from 2020 to 2025, and the emissions will drop 
to zero after 2025.  
Total emissions data 
 GDP/capita transportation residential nonresidential Other 
2009 56,391 717,294 741,189 2,954,081 161,573 
2010 56,848 722,797 775,290 2,946,087 145,640 
2011 58,218 739,548 848,163 2,922,253 137,318 
2012 58,609 744,400 859,482 2,915,486 53,624 
2013 57,974 736,537 838,835 2,926,484 44,316 
2014 58,964 748,833 865,757 2,909,355 42,025 
2015 60,962 774,277 828,817 2,875,092 30,723 
2016 61,176 777,053 817,963 2,871,447 91,074 
2017 61,809 785,323 779,132 2,860,690 15,183 
2018 62,442 793,681 731,526 2,849,973 12,292 
2019 63,075 802,127 677,003 2,839,296 11,136 
2020 63,075 802,127 677,003 2,839,296 8,909 
2021 63,708 821,611 617,578 2,828,660 7,127 
2022 64,341 829,599 555,309 2,818,063 5,702 
2023 64,974 837,778 492,174 2,807,506 4,561 
2024 65,607 846,153 429,976 2,796,989 3,649 
2025 66,240 854,727 370,264 2,786,510 2,919 
2026 66,873 863,504 314,282 2,776,072 0 
2027 67,506 872,489 262,947 2,765,672 0 
2028 68,139 881,685 216,850 2,755,311 0 
2029 68,772 891,096 176,275 2,744,989 0 
2030 69,405 900,727 141,242 2,734,706 0 
2031 70,038 910,583 111,553 2,724,461 0 
2032 70,671 920,666 86,843 2,714,255 0 
2033 71,304 930,983 66,640 2,704,087 0 
2034 71,937 941,537 50,405 2,693,957 0 
2035 72,570 952,333 37,579 2,683,864 0 
2036 73,203 963,376 27,617 2,673,810 0 
2037 73,836 974,671 20,005 2,663,793 0 
2038 74,469 986,223 14,284 2,653,814 0 
2039 75,102 998,037 10,053 2,643,873 0 
2040 75,735 1,010,117 6,974 2,633,968 0 
Appendix 9: Emissions of business-as-usual  
 
37 | P a g e  
 
4. Strategies Analysis 
a. Transportation 
Salt Lake City is promoting sustainable transportation development as per Climate Positive 2040, 
containing public transit use, active transportation, electrified transportation, and declining air 
travel (Appendix 10). Therefore, given the purpose of reducing carbon emissions from transport, 
the city has adopted nine transportation master plans (Appendix 11), covering automotive to active 
transportation, from infrastructure development to political recommendations. 
Transportation Goals 
(Climate Positive 2040) 
Increasing Use of Public Transit 
Promoting Active Transportation 
Accelerating Electric Vehicle Adoption 
Reducing Emissions from Air Travel 
Appendix 10: Transportation Goals in Climate Positive 2040 
Transportation Master Plan Key Points 
Transit Master Plan Public transit service and accessibility 
Bicycle and Pedestrian Master Plan Pedestrians and bicycle facilities improvement 
Transportation Master Plan Review of plans, establish policies and priorities 
Transportation Action Plan The direction of transportation future 
Downtown in Motion Downtown transportation plan 
Sugar House Circulation Plan Sugar House neighborhood transportation 
Sugar House Streetcar Phase 2 Alternative 
Analysis Sugar House neighborhood transportation 
Major Street Plan Roadway function classification 
Complete Streets Ordinance New and reconstructed streets guidance 
Appendix 11: Transportation Master Plans in SLC 
Public Transit 
Public transit can fill the gaps of personal automotive for people who cannot afford the automotive 
cost and cannot drive cars by themselves. The following map demonstrates the gap services in 
existing transit services by obtaining the 0.5-mile buffer gaps between transit and grocery stores. 
First, this map chooses grocery stores as one of the analysis targets, representing the public transit 
accessibility to fresh food as the function of daily interventions. The results show that public transit 
has covered most of the city, especially in residential areas, where grocery buffers cover most 
areas. It means that the public transit in the city provides accessible service for most residents 
inside the city to have access to grocery stores. Additionally, a gap exists in marginal city and 
manufacturing districts highlighted in red. It means that employees have fewer opportunities to 
commute by public transit in these marginal areas, which requires further investigation and 
improvement on the public transit system. 
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Appendix 12: Public Transit Accessibility 
Electrified Transportation Analysis 
The analysis on electrified transportation focuses on the influences of different EV fractions on 
carbon emissions, providing a policy-oriented answer to what and how different EV fractions in 
transportation influence carbon emissions. The analysis focuses on electric vehicles excluding 
hybrid vehicles. Based on specific assumptions, the analysis developed a formula to profile the 
process of carbon reductions. 
Firstly, I raised assumptions to elevate the accuracy of the analysis, excluding other factors.  
1) This analysis is based on the transportation emission projection result (figure x).  
2) By 2030, the electricity utilized in EVs is renewable. 
3) The electricity generation transfers from coal plants to renewable plants gradually. 
4) EV fraction increases gradually. 
Secondly, the formula identifies the procedure of carbon reduction by different EV fractions with 
the equation, “emission = �𝛼𝛼 − 𝑦𝑦
11
∗ [𝛼𝛼 − (1 − 𝑥𝑥%) ∗ 𝛾𝛾]� + {2
3
𝑥𝑥% ∗ 𝛾𝛾 ∗ 𝑦𝑦
11
(1 − 𝑦𝑦 ∗ 9%} ”. 𝛼𝛼 
represented transportation carbon emission in 2019, and 𝛾𝛾  represents transportation carbon 
emission projection in 2030 for business as usual. x% means the EV fraction in 2030, and y means 
the yth year from 2019. The following procedures defined the formula. 
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1) There are two extreme values in 2030, business as usual and 100% EV fraction. The carbon 
emission will correspond to the projected value, 𝛾𝛾, in business-as-usual conditions. The 
emission will be eliminated to zero if all vehicles are electric (red dash line). 
 
2) The electricity generation method, either coal or renewable energy, will influence the 
emission result. Compared with fossil-fueled vehicles, EV with coal plants electricity can 
reduce 1/3 emission. In this step, I omitted the generation method transformed from coal 
to renewable energy. Therefore, the emission result can be defined as, 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝐼𝐼 +
𝐼𝐼′ = �𝛼𝛼 − 𝑦𝑦
11
∗ [𝛼𝛼 − (1 − 𝑥𝑥%) ∗ 𝛾𝛾]�+ 2
3
𝑥𝑥% ∗ 𝛾𝛾 ∗ 𝑦𝑦
11
, where l represents emission from 
fossil-fueled vehicles in the yth year, and l’ represents emission from EV generated by coal 
plants. It represents the transportation carbon emission in the yth year after 2019 under the 
context of coal-generated electricity (solid red line). 
 
3) Since the formula assumes a gradual transformation in electricity generation from coal to 
renewable energy, a coefficient, 1−𝑦𝑦∗9%, is multiplied by l’ to indicate the transformation 
in the yth year. 9% shows an annual increment in 2019-2030 (11 years). Eventually, the 
emissions curve should match a curved line under the context of gradual EV growth and 
generation transformation. 
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The result of the simulation shows various carbon reduction effects by different EV fraction by 
2030 (Appendix 13) 
 
Appendix 13: Carbon reduction by different EV fractions 
1. Only 10% can maintain the transportation emissions without increasing. 
2. It can be used for further analysis. (e.g., add carbon emissions from EV production; compare 
economic benefits) 
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b. Green Infrastructures 
Urban Forest 
The rapid urbanization transferred previous green lands into impervious surfaces. This 
transformation consequently resulted in increasing impervious surfaces and decreasing tree canopy, 
contributing to regional climate change, air pollution acceleration, micro-climate formation, and 
social health issues. To mitigate problems caused by this transformation, urban forest, as a type of 
green infrastructure, plays a vital role. Currently, investigators analyze the impacts of urban forests 
on the urban environment, highlighting the importance of its influences and providing effective 
evidence to policymakers in policy decisions. Hence, in this section, I will discuss the urban forest 
impaction on climate positive in terms of climate mitigation, air pollution, micro-climate, and 
social health by multiple previous studies. 
Climate mitigation 
The urban forest can sequestrate and store carbon dioxide by absorbing carbon and exporting 
oxygen, which greatly influences climate mitigation. Carbon dioxide, known as a type of 
greenhouse gas, as a product of urban activities, is exported to the atmosphere, which can absorb 
solar heat and elevate the urban temperature. Therefore, planners and policymakers try to balance 
carbon emissions and storage, hoping to mitigate climate changes caused by excess greenhouse 
gas emissions. The urban forest is one of the most effective strategies to store emitted carbon. Ning 
et al. (2016) leveraged i-Tree Eco to model annual carbon reduction contributed by urban forests 
in Scotlandville, Louisiana. According to the modeling results, urban forests in the city can remove 
96 tons of air pollution and sequestrate roughly 3,880 tons of carbon. 
Meanwhile, trees in Scotlandville can store about 88,700 tons of carbon and export 9,720 tons of 
oxygen. It has additional fascial benefit, reducing energy-related costs by $324,000. Additionally, 
De la Sota et al. (2019) analyzed the influence of green infrastructure, urban forest, and agriculture 
on climate mitigation. They revealed that both infrastructures positively influenced carbon 
reduction, while the quantitative result ranged differently for a different type. The previous 
analysis proved that the urban forest could mitigate climate issues caused by carbon emissions by 
sequestrating and storing carbon.  
However, tree maintenance demands water uses for irrigation, which results in water loss. Pataki 
et al.24 estimated that typical urban planting densities of 100-200 trees per hectare could lead to 
various water losses depending on species (as high as 1–2 mm d-1 or as low as 0.1–0.2 mm d-1). 
Hence, irrigation is necessary to maintain trees, which elevates carbon emissions and 
environmental cost. Therefore, further specific urban forest analysis is needed to trade water and 
carbon sequestration. McCarthy et al. calculated the carbon sequestration per unit water loss and 
 
24 Pataki, Diane E., Margaret M. Carreiro, Jennifer Cherrier, Nancy E. Grulke, Viniece Jennings, Stephanie Pincetl, 
Richard V. Pouyat, Thomas H. Whitlow, and Wayne C. Zipperer. "Coupling biogeochemical cycles in urban 
environments: ecosystem services, green solutions, and misconceptions." Frontiers in Ecology and the Environment 
9, no. 1 (2011): 27-36. 
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concluded the most efficient trees were Eucalyptus Grandis, Brachychiton populneus, Populneus 
discolor, and Ficus microcarpa.25 
Air pollution 
The urban forest can mitigate air pollution and protect human health. e Almeida et al. monitored 
PM10, NO2, and O3 in five schools for nine months26. The results demonstrated that the PM10 
and NO2 were detected higher in the sites closer to roads with dense traffic flow but lower in parks 
and sit closer to trees. The severest PM10 concentration, close to roads, was roughly six times 
higher than the international limit. Additionally, e Almeida et al. conducted surveys to students 
about symptoms near intensive traffic roads and close to the urban forest. The results revealed that 
symptoms such as running nose, sneezing, and itchy eyes were correlated with pollution near 
intensive traffic roads. However, the symptoms were reduced when close to the urban forest. Plus, 
Baumgardner et al. analyzed air improvement of the peri-urban national park27. The result revealed 
that the park's total annual air quality improvement improved the air quality by roughly 0.02% for 
CO, 1% for O3, and 2% for PM10. Their investigation demonstrated the positive effect of urban 
forests on air pollution due to the sheer absence of automobiles. 
Micro-climate 
Urbanization attracts population and activity concentration, contributing to impervious surface 
increment, which results in higher thermal temperature in urban areas than rural areas, known as 
Urban Heat Island (UHI). On the other hand, urban greenery can generate lower temperatures in 
its surroundings, known as Urban Cooling Island (UCI). The consequences of UHI can boost 
energy waste, regional ecology changes, and human health issues. Urban forests, capable of 
mitigating UHI, can trade off urban temperature and provide a livable environment to residents. 
Yu et al. leveraged spatial analysis to investigate the cooling effects of ecosystems within the 
Pearl-River-Delta Metropolitan Region (PRDR) in southern China28. They concluded that the 
existing natural ecosystem had valuable effects on climate adaption. Plus, the regional thermal 
environment is significantly dominated by specific land conversion, such as urbanization. The 
relationship between urbanization rate and regional temperature thermal conforms to the 
Environmental Kuznets Curve (Appendix 14). Urbanization will lead to thermal increment at the 
beginning but reduce the urban heat after the turning point. 
 
25 McCarthy, Heather R., Diane E. Pataki, and G. Darrel Jenerette. "Plant water‐use efficiency as a metric of urban 
ecosystem services." Ecological Applications 21, no. 8 (2011): 3115-3127. 
26 e Almeida, Lucas de Oliveira, André Favaro, William Raimundo-Costa, Ana Carolina Borella Marfil Anhê, 
Deusmaque Carneiro Ferreira, Victoria Blanes-Vidal, and Ana Paula Milla dos Santos Senhuk. "Influence of urban 
forest on traffic air pollution and children respiratory health." Environmental monitoring and assessment 192, no. 3 
(2020): 1-9. 
27 Baumgardner, Darrel, Sebastian Varela, Francisco J. Escobedo, Alicia Chacalo, and Carlos Ochoa. "The role of a 
peri-urban forest on air quality improvement in the Mexico City megalopolis." Environmental Pollution 163 (2012): 
174-183. 
28 Yu, Zhaowu, Yawen Yao, Gaoyuan Yang, Xiangrong Wang, and Henrik Vejre. "Strong contribution of rapid 
urbanization and urban agglomeration development to regional thermal environment dynamics and 
evolution." Forest Ecology and Management 446 (2019): 214-225. 
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Appendix 14: Environmental Kuznets curve 
Additionally, investigators have generated multiple applications to assist policymakers in deciding 
tree planting. Fan et al. created a quantitative model to enable landscape planners and policymakers 
to optimize patch size29. Werbin et al. created an interactive web application to support deciding 
on planting new trees based on urban trees' potential to provide continuous cooling and energy 
reduction30. 
Social Benefits 
The urban forest can offer social benefits as well, involving human psychosocial health. Bang et 
al. examined the effects of urban forests on the psychosocial health of upper-grade elementary 
students31. The result demonstrated a significant improvement in self-esteem and a significant 
reduction in depression after interaction with the urban forest. It conforms to a possible 
contribution of the urban forest to psychosocial health promotion. Wolf et al. summarized existing 
literature on the health impact of the urban forest32. The summary indicated the positive effect of 
urban forests on health outcomes, which informed future research and current policymaking. Grilli 
and Sacchelli proved the outcome of Wolf by additional review33. The review indicated a positive 
association between human mental health and urban forest and concluded that urban forest could 
decrease human stress levels.  
 
29 Fan, Huiying, Zhaowu Yu, Gaoyuan Yang, Tsz Yiu Liu, Tsz Ying Liu, Carmem Huang Hung, and Henrik Vejre. 
"How to cool hot-humid (Asian) cities with urban trees? An optimal landscape size perspective." Agricultural and 
Forest Meteorology 265 (2019): 338-348. 
30 Werbin, Zoey R., Leila Heidari, Sarabeth Buckley, Paige Brochu, Lindsey J. Butler, Catherine Connolly, Lucila 
Houttuijn Bloemendaal, Tempest D. McCabe, Tara K. Miller, and Lucy R. Hutyra. "A tree-planting decision support 
tool for urban heat mitigation." PloS one 15, no. 10 (2020): e0224959. 
31 Bang, Kyung-Sook, Sungjae Kim, Min Kyung Song, Kyung Im Kang, and Yeaseul Jeong. "The effects of a health 
promotion program using urban forests and nursing student mentors on the perceived and psychological health of 
elementary school children in vulnerable populations." International journal of environmental research and public 
health 15, no. 9 (2018): 1977. 
32 Wolf, Kathleen L., Sharon T. Lam, Jennifer K. McKeen, Gregory RA Richardson, Matilda van den Bosch, and 
Adrina C. Bardekjian. "Urban trees and human health: A scoping review." International journal of environmental 
research and public health 17, no. 12 (2020): 4371. 
33 Grilli, Gianluca, and Sandro Sacchelli. "Health Benefits Derived from Forest: A Review." International Journal 
of Environmental Research and Public Health 17, no. 17 (2020): 6125. 
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Summary 
Urban forest, as the green infrastructure, benefits the urban eco-and-social environment by 
sequestrating carbon, declining air pollution, mitigating urban heat island, and improving social 
health. Yet, the maintenance of urban forests elevates the fiscal burden. Hence, further specific 
analysis on the magnitude of the urban forest is necessary for the tradeoff between the pros and 
cons of the urban forest.   
 
45 | P a g e  
 
i-Tree Canopy Analysis 
Given the pros and cons of trees on climate, specific investigation on the magnitude and 
distribution of urban forest can offer a general recommendation to planners and policymakers on 
planting decisions. This section utilized i-tree canopy to conduct a high-level analysis and provided 
policy-oriented recommendations. The investigation selected 100-150 points in each zip code 
region (Appendix 15) and mainly answered four questions:  
a) How is the current urban forest condition in Salt Lake City? 
b) How is the current magnitude of urban forest influencing carbon emissions? 
c) How will 1,000 new trees annually influence carbon emissions and the economy? 
d) How does the current urban forest distribute? 
 
Appendix 15: Zip Code Maps for SLC Tree Canopy Analysis 
According to the analysis result, the current tree distribution in the city demonstrates a 
disproportional trend for disadvantaged groups. Firstly, the canopy cover increases as median 
income within a region (Appendix 16). Excluding university and airport areas, the data indicates 
that the wealthier people have a relatively higher canopy cover ratio. Residents in downtown areas 
have relatively lower incomes and lower canopy rates.  
46 | P a g e  
 
 
Appendix 16: Canopy cover vs. median income 
Additionally, since the Hispanic population shares a high fraction in demography, the analysis 
shows the relationship between canopy rate and Hispanic rate (Appendix 17). The graph indicates 
that areas with a high fraction of the Hispanic population have less canopy cover. As per the data, 
downtown and industrial areas, zip codes 84104, 84116, 84115, 84111, and 84101, have a higher 
Hispanic population (nearly more than 20%), where trees canopy is relatively low (lower than 
20%).  
 
Appendix 17: Canopy cover vs. median income 
The above results indicate inequity of urban forest access in the city, meaning wealthier residents 
in residential areas enjoy a higher fraction of tree canopy, while residents in industrial and 
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Currently, the Salt Lake City urban forest contains roughly 85,000 public trees, including 63,000 
street trees and 22,000 additional trees growing in parks and open spaces34 (Appendix 18). The 
green points represent existing trees with information of species and diameter, and the purple 
points represent vacant sites without trees planted. The tree detection monitors urban forest 
conditions in the city, which provide data for maintenance and management. Salt Lake City Urban 
Forestry strives to plant 1,000 new trees each year to maintain a healthy, thriving urban forest35. 
Yet where and how trees are planted need analysis.  
 
Appendix 18: Planted Trees (green) and vacant sites (purple) in SLC 
How much carbon can be reduced by the existing trees and potential planted trees in the city? A 
planted tree can sequestrate on average 25 kilos of carbon dioxide annually (Fransen, 2019)36, so 
85,000 public trees in the city can sequestrate carbon by around 2,125 metric tons, and 1,000 new-
planted trees can sequestrate 25 metric tons of carbons. The carbon reduction contributed by urban 
forests covers only 0.04% of carbon emissions in 2019. In the scenario of planting 1,000 new trees 
every year, the urban forest will reduce 2,625 metric tons of carbons in 2040, which covers only 
0.07% of emissions based on emission projection. The scenario of planting 2,000 new trees per 
year will reduce 3,125 metric tons of carbons, which covers only 0.08% of emissions. Therefore, 
although the urban forest is an approach to reduce carbon directly, it is not suggested to be the 
main method to reduce carbon emission due to the irrigation and maintenance cost. However, the 
 
34 “Salt Lake City Urban Forest”, SLC.gov, accessed May 13, 2021, https://www.slc.gov/parks/urban-forestry/ 
35 “Urban Forestry Services”, SLC.gov, accessed May 13, 2021, https://www.slc.gov/parks/urban-forestry/urban-
forestry-services/  
36 Fransen, Bas, “How to calculate CO2 sequestration”, EcoMatcher, May 08, 2019, 
https://www.ecomatcher.com/how-to-calculate-co2-sequestration/  
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side-benefits of trees, such as pollution movement, cooling effects, and energy-saving, can be 
considered, requiring further investigation of the tradeoff between benefits and maintenance costs. 
 
Appendix 19: Carbon reduction by trees 
Recommendations Summary: 
1) Improvement in downtown and industrial areas. 
2) It is not effective to use the urban forest as a direct method to reduce carbon emissions. 
3) Further investigations are necessary to determine the proper magnitude of the urban 
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c. Solar Canopy 
This section presents a case study on the influences of solar parking canopy, leveraging direct 
measurement of electricity generation and installation cost. The case study selected a parking lot 
in the downtown area as the analyzed site. The parking lot, diamond parking services, lies at the 
corner of 200 S. and John Stockton Dr., which covers roughly 70,000 square feet areas. According 
to the satellite map, the vacant parking lot absorbs a great amount of sunlight, generating ambient 
heat through sunlight. The heat will cause a higher temperature inside parked vehicles and 
stimulates more cooling utility in surrounding buildings, generating more carbon emissions. 
Additionally, the elevated ambient temperature boosts urban heat island and influences the micro-
climate within the region, which increases electricity utilization in the surrounding buildings. Yet, 
if the sunlight can be absorbed and utilized, it will benefit the area of climate mitigation and the 
economy. Therefore, this section analyzes the potential environmental and fiscal benefits if the 
parking lot introduces solar canopies. 
 
Appendix 20: Site selection 
Firstly, we raised several assumptions in this scenario. 50,000 out of 70,000 square feet of parking 
space is utilized for solar canopy construction. The solar canopy uses a 10-kW grid-connected 
solar system to generate electricity, meaning that a set of solar systems can generate 10 kW 
electricity. According to Solar Powered Blog37, one 10 kW grid-connected solar system takes up 
between 55 to 70 square meters (592 to 753 sq. ft.). Therefore, the sparking lots can contain 71 10-
 
37 “How Much Does a 10kW Solar Power System Cost? – 2021 Update”, Solar Powered Blog, accessed May 13, 
2021, https://solarpoweredblog.com/how-much-does-a-10kw-solar-power-system-cost/  
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kW solar systems (assume 700 sq. ft. each). Additionally, the system can generate up to 16,400 
kWh of electrical energy every year or up to 45kWh daily. Therefore, the whole solar parking 
canopies can generate up to 1.148 GWh annually or up to 3,195 kWh daily. EIA values the amount 
of carbon emissions from coal plant through electricity generation (1.16 pound per kWh) 38 . 
Therefore, the solar canopy in this scenario can save roughly 604 metro tons of carbon emissions 
annually caused by coal plants. Additionally, if the electricity is wholly used for EVs, it will save 
additional carbon emissions, creating more electric vehicle miles traveled (VMT). Since a standard 
EV battery requires 30 kWh to support 100 miles, travel39, the generated electricity can support 
3,826,700 miles of EV traveled. If the miles traveled by fossil-fueled vehicles, it would emit 
additional 1,545 metric tons of carbon annually. This assumes the average consumption is 22 miles 
per gallon gasoline, and every gallon burned creates 8,887 grams of CO2. Overall, the solar canopy 
in this scenario can provide up to 2,149 metric tons of carbon reduction.  
The potential challenge of solar parking canopy can be the expensive initial cost. The initial fiscal 
fee will be paid back in five to eight years by generating electricity for surrounding buildings and 
electric vehicle charging. However, initially, a 10-kilowatt solar system of good quality can cost 
between US$9,800 to US$14,000. Usually, a 10kW solar system lasts up to 30 years and requires 
maintenance every double year. The solar canopy in this scenario will initially cost $695,800 to 
$994,000 for construction, which is a heavy fiscal burden for parking services. Therefore, to 
promote solar canopies, the city and related authorities should establish related programs to 
support its budgetary costs, such as tax credits. 
Solar Canopy Summary 
Amount 71 (10kW solar systems) 
Cost $695,800 to $994,000 ($9,800 to $14,000 each system) 
System life Up to 30 years 
Electricity Generation Up to 1.148 GWh annually or up to 3,195 kWh daily 
Carbon Reduction 604 metric tons carbon (electricity generation) 
1,545 metric tons carbon (EV attraction) 
Payback Period 5 to 8 years 
Benefit a. Electricity cost  
b. EV charging attraction 
c. 3,826,700 miles EV traveled 
Appendix 21: Solar canopy summary 
Finally, given 32,400 parking spaces in the city. We assume a feasible goal of constructing 20 
same-scale solar parking canopies like the one in the case study in 2030, containing 71*20=1,420 
10-kilowatt solar systems. The total solar canopies will generate 22.96 GWh annually, which 
reduces 12,080 metric tons of carbon emissions from electricity generation and up to 30,900 metric 
tons from EV traveled (42,980 metric tons totally, which is roughly 1% carbon reduction than 
 
38 “How much carbon dioxide is produced per kilowatthour of U.S. electricity generation?”, EIA, accessed May 13, 
2021, https://www.eia.gov/tools/faqs/faq.php?id=74&t=11  
39 “How much does it cost to charge an electric car?”, The Array Magazine, accessed May 13, 2021, 
https://www.vivintsolar.com/blog/how-much-does-it-cost-to-charge-an-electric-car  
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2009 level). Additionally, it will attract approximately 76.5 million electric vehicle miles traveled, 
promoting the growth of EVs. 
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